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KEYWORDS Summary Background: Maxillary distraction osteogenesis (DO) in cleft lip and palate pa- 
Cleft lip and palate; tients has been described by several authors, but most studies have a relatively short 
Le Fort I osteotomy; follow-up and do not clearly separate growing patients from non-growing patients. 

Distraction Method: The records of 22 consecutive patients affected by cleft lip and palate, who under- 
osteogenesis; went Le Fort | osteotomy and maxillary distraction with a rigid external distractor (RED), were 
Long-term stability; reviewed. The sample was subdivided into a growing and a non-growing group. All patients had 
Maxillary growth; pre-DO cephalometric records, immediately post DO, 12 months post DO and long-term records 
Cephalometry with a long-term follow-up of >5 years (range 5—13 years). As a control sample for the growing 


group, cleft children with a negative overjet not subjected to distraction or any protraction 
treatment during growth were followed up until the completion of growth. 

Results: The average maxillary advancement in the growing group was 22.2 + 5.5 mm (range: 
15—32 mm); in the non-growing group, it was 17.7 + 6.6 mm (range: 6—25 mm). Excellent post- 
surgical stability was recorded in the adult sample. On the other hand, growing children had an 
average 16% relapse in the first year post DO and an additional 26% relapse in the long-term 
follow-up. 

Conclusions: This study seems to point out that early Le Fort | DO allows for the correction of 
very severe deformities. It is followed by a relatively high amount of true skeletal relapse in 
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children with cleft lip and palate. Prognosis should be discussed in depth with the family and 
true aesthetic and psychological needs assessed. 

© 2014 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by 
Elsevier Ltd. All rights reserved. 


Although surgical protocols and results have greatly 
improved in the past decades, ' some patients with cleft lip 
and palate still present extremely severe maxillary hypo- 
plasia. Approximately 25—50% of cleft patients present a 
class IlI malocclusion that requires surgical intervention,” 
and, while the majority may be corrected with traditional 
osteotomies, in some cases, the maxillary advancement 
required is too large to be safely obtained with a Le Fort | 
osteotomy and rigid fixation. 

Traditional osteotomy failure may often be caused by 
the presence of multiple scars, which do not allow 
stretching of the soft tissues. Distraction osteogenesis (DO), 
on the other hand, allows for gradual lengthening of all 
structures, whereby the risks are reduced, while advancing 
hypovascularized structures.° 

In 1997, Polley and Figueroa‘ introduced a technique of 
maxillary DO, using a rigid external distraction (RED) de- 
vice. This method allows gradual maxillary advancement 
according to llizarov’s principles,” avoiding the need for 
rigid fixation or bone grafts. Furthermore, it allows pro- 
gressive correction of the distraction vector. 

Relapse in maxillary DO in the long term is reported by 
various authors to be minimal. Rachmiel et al.° reported 
stable results 2 years after an average maxillary distraction of 
21 mm in 12 patients with cleft (aged 11—22 years). In this 
study, though, growing and non-growing patients were not 
separated. Similar results were reported by Krimmelet al.’ on 
17 patients aged 12—31 years. The authors reported that after 
1 year the maxilla had a stable position in all patients, though 
there was a further increase of the facial concavity, but again 
the two age groups were not separated in the study. 

Cho et al.® suggested that an overcorrection in the 
maxillary advancement of 20—30% is needed in the growing 
child (13—19 years), to compensate for potential relapse 
and growth deficit. 

To our knowledge, only few studies in the literature 
clearly separate growing patients from non-growing 
patients.” '' Furthermore, most studies have a relatively 
short follow-up, between 2 and 4 years, and report rela- 
tively low skeletal advancements.” °= '° 

The purpose of this retrospective outcome study was to 
evaluate cephalometrically, in growing and non-growing 
cleft lip and palate subjects with severe maxillary hypo- 
plasia, changes induced by very large maxillary advance- 
ments through RED and long-term post-surgical stability of 
the maxillary movement. 


Materials and methods 


Patient sample 


The records of patients who underwent Le Fort | osteotomy 
and maxillary distraction, between 1999 and 2008 in two 
different centres, were reviewed. 


Our sample included a total of 22 consecutively treated 
patients, specifically 11 unilateral cleft lip and palate, four 
bilateral cleft lip and palate, two lateral facial clefts, one 
cleft in Robinow syndrome, two clefts in Binder’s syndrome 
and two clefts in median facial syndromes. All patients 
presented a severe maxillary hypoplasia, negative overjet 
and class III malocclusion. All patients presented follow-up 
records longer than 5 years post DO. 

Ten growing patients underwent surgery between 7 and 
12 years of age (the average age was 10.4 + 2.1 years). In 
growing patients, if the maxillary advancement needed was 
<6—8 mm, an orthopaedic—orthodontic technique (Alt- 
Ramec) described by Liou in 2005'°'” was preferred. 
Therefore, the inclusion criteria for DO in young children 
were the need for an advancement >8 mm and clinically 
severe psychosocial problems. Otherwise, correction was 
postponed to a later stage. This clinical selection is the 
reason for the large advancements obtained in the growing 
sample, not only for the young age of the sample but also 
for the small sample size. 

Twelve adult patients were operated at a mean age of 
24.4 years (range 17—44 years). The selection criteria for 
DO in the non-growing patients were the need for an 
advancement >10—12 mm or extremely severe scarring. 

Although all patients had similar severity in terms of 
maxillary hypoplasia, some had identified syndromes (32% 
of the total sample). In order to investigate any possible 
influencing factor on surgical outcome, the sample was 
subdivided not only into growing and non-growing in- 
dividuals but also into syndromic and non-syndromic 
individuals. 

All patients underwent maxillary distraction with a RED 
device. The device was placed at the time of surgery and the 
distraction was achieved through mechanical activation of the 
distraction device, after a latency period of 2—5 days. The 
mean time of distraction was 34.5 + 8.4 days for growing pa- 
tients and 28.7 + 6.8 days for adult patients. The consolidation 
period was three to four times the length of distraction. 

As a control sample for the growing sample, a group of 
12 class Ill cleft patients not subjected to distraction or any 
protraction was selected. This group was extrapolated from 
a large sample of unilateral cleft lip and palate children 
who had been retrospectively collected for a previous 
growth study. '® In order to select a control sample with a 
comparable class III growth pattern, only the patients from 
the sample who had needed a Le Fort | osteotomy at the 
completion of growth were included. 





Surgical protocol 


All patients underwent endotracheal intubation. A high- 
level Le Fort | osteotomy, just below the infraorbital fora- 
men with a lateral extension to the anterior prominence of 
the zygomatic bone to avoid injuring the unerupted molar 
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buds, was the most common technique performed in chil- 
dren in the deciduous or mixed-dentition phase. In adult 
patients, a traditional Le Fort | osteotomy was carried out. 
After a latency period ranging from 5 days (in the adults) 
to 2 days (in the children), distraction was started at the 
rate of 1 mm per day (0.5 mm twice a day), until the 
desired maxillary position was achieved. In most cases, the 
planned maxillary advancement was obtained within 4 
weeks of active distraction. After the active distraction 
phase, the device was kept in place for a retention period 
that varied from three to four times the period of 
advancement, as suggested in most of the literature. 1? 


Methods 


All patients had lateral standardized cephalometric X-rays. 
For cephalometric measurements, a Cartesian grid for each 
patient was laid out on the pre-surgical X-ray (Tpre), on the 
immediately post-surgical X-ray (Tg), on the short-term 
follow-up X-ray (Ts, taken within 1 year from surgery) 
and on the long-term follow-up X-ray (Ty, taken between 5 
and 13 years after surgery). 

The sella—nasion (SN) line was the abscissa and its 
perpendicular the ordinate. The SN line of the pre-surgical 
X-ray was traced onto the acetate paper and then laid out 
sequentially onto each post-surgical acetate. Cephalo- 
metric superimposition was aided with a best-fit method on 
the cranial base outline. 

For cephalometric evaluation, three standard points and 
five angles were measured. 

The points considered were as follows: the A point, the 
posterior occlusal (Oclp) point and the incisal edge of the 
upper central incisor (I). The angles included were SNA and 
SNB angles, which describe the sagittal position of the 
maxilla and the mandible relative to the anterior cranial 
base, the angle between the mandibular plane and the SN 
line and the angle between the occlusal plane and the SN 
line (Figures 1 and 2). 

We evaluated the total movement of the A point and the 
vertical movement of the | and Oclp point. 

The non-operated cleft patients were measured to 
calculate the average millimetres of the growth of the A 
point, vertical growth and the changes of SNA, SNB, 
mandibular plane and occlusal plane angle, from 10 to 18 
years of age. 


Statistical analysis 


An analysis of variance (ANOVA) for repeated measure- 
ments at three time points (Ty, T4 and T) was performed 
for all the measurements (as the same variable was being 
analysed at different time points), in order to evaluate 
their changes through time. 

Statistical differences were investigated with a Pearson 
correlation test for all continuous variables (age at surgery 
and amount of advancement). A linear logistic regression 
was used to evaluate any correlation of post-DO skeletal 
changes and non-continuous variables (syndromic/non- 
syndromic clefts). 

A paired t-test was applied to test the cephalometric 
intra-examiner reliability. 
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Statistical analysis was carried out with Stata 10 soft- 
ware (StataCorp. 2007. Stata Statistical Software: Release 
10. College Station, TX, USA: StataCorp LP). 


Results 


The cephalometric results are depicted in Table 1 for 
growing patients and non-growing patients. We considered 
linear changes for point A and occlusal and incisal points 
(measured on the superimpositions) from the initial tracing 
to the immediately post-distraction tracing (Tpre to Tu), 
from the immediately post-distraction tracing to the 1-year 
post-distraction tracing (Ty to T; and from the 1-year post 
distraction to the 5-year post-distraction tracing (Ts to 
Ti)). The angular changes of SNA, SNB, the occlusal plane 
and the mandibular plane are also reported. 


Growing sample 


In the growing sample, the average advancement of the A 
point was 22.2 + 5.5 mm (range: 15—32 mm); in the short- 
term follow-up, we registered a mean relapse of 16% 
(—4.2 + 4.8 mm). In the long term, the average relapse was 
a further 26% of the initial advancement. The SNA angle was 
increased to 16.5° with DO; in the short-term follow-up, 
SNA decreased to 4° and in the long term it further 
decreased to 8.7° (Table 1). 

In the control group of growing non-treated cleft lip and 
palate patients, the A point showed an average advance- 
ment of 3 + 2.9 mm (range: 0—7 mm) from 10 to 18 years of 
age. The SNA angle decreased to —1.9°+ 2.3° (Table 1). 





Non-growing sample 


In the non-growing sample, the amount of advancement of 
the A point was 17.7 + 6.6 mm and SNA increased to 
13.9°+5.9°. In the 1-year follow-up and in the long-term 
follow-up records, no significant change of the maxillary 
position was observed (Table 1). 

The statistical significance of each linear and angular 
change between different time points (ANOVA) is depicted 
in Table 1. 

There was only a mild correlation between age at the 
time of DO and short-term relapse (Tst — Tit) (r = 0.66) and 
long-term relapse (Te — Ts) (r = 0.73), as well as between 
the amount of advancement and short-term relapse 
(r = 0.71), or with long-term relapse (r = 0.36). No dif- 
ference was found between the relapse rates in syndromic 
and non-syndromic clefts (linear logistic regression). The 
intra-examiner reliability test showed no significant differ- 
ences in the measurements at 3-month intervals (p > 0.05). 





Discussion 


Many patients affected by cleft lip and palate present a 
particularly severe maxillary hypoplasia. When scarring or 
hypoplasia is severe, traditional orthognathic surgery may 
not be adequate. The gradual movement of the skeleton 
might avoid unnecessary risks. 

Furthermore, in cleft patients treated with DO, the ef- 
fects on nasal projection, paranasal support and bulging of 
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Figure 1 Male patient affected by unilateral cleft lip and palate in Binder’s syndrome. (a). Facial profile picture taken before 
treatment at the age of 7 years (Tpre). (b). Cephalometric X-ray taken before treatment (Tpre). (c). Facial profile picture taken after 
distraction (Tq). Note the correction of the midface hypoplasia and overall improvement in facial appearance. (d). Cephalometric 
X-ray taken after distraction (Tq). (e). Facial profile picture taken 8 years post DO (Tw) at the age of 15 years. (f). Cephalometric X- 
rays taken 8 years post (Ti). (g). Cephalometric superimposition Tpre — Ty. The continuous line shows the Tpre tracing, the dotted 
line shows the cephalometric Tg tracing. Cephalometric landmarks: S, sellion = midpoint of the fossa hypophysealis (point of 
intersection between the maximum horizontal diameter and the maximum vertical diameter of the sella turcica); A, 
subspinal = deepest anterior point in the concavity of the anterior maxilla nasion = anterior point at the fronto-nasal suture B, 
supramental point = deepest anterior point in the concavity of the anterior mandible; Oclp posterior occlusal point = distal cusp 
of the upper first permanent molar or the second deciduous molar; I, incision point = incisal edge of the upper central incisor; Go, 
gonion = midpoint of the angle of the mandible; Gn, gnathion = most anterior inferior point of the contour of the synphisis; 
S—N-—A: Sagittal position of the maxilla relative to the anterior cranial base plane S—N; S—N—B: Sagittal position of the mandible 
related to S—N; and S-NGo—Gn: mandibular plane angle. (h). Cephalometric superimposition Tg — Twe. The continuous line shows 
the Ty tracing, the dotted line shows the cephalometric Ta tracing. 
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Female patient affected by unilateral cleft lip and palate. (a). Facial profile picture taken before treatment at the age 


of 8 years (Tpre). (b). Cephalometric X-ray taken before treatment (Tpre). (c). Facial profile picture taken after distraction (Ta). 
Note the correction of the midface hypoplasia and overall improvement in facial appearance. (d). Cephalometric X-ray taken after 
distraction (Ta). (e). Facial profile picture taken 6 years post DO (Tw) at the age of 14 years. (f). Cephalometric X-rays taken 6 years 
post (Ti). (g). Cephalometric superimposition Tpre—Ta. The continuous line shows the Tpre tracing; the dotted line shows the 
cephalometric Tg tracing. (h). Cephalometric superimposition Ty — Tw. The continuous line shows the Tg tracing; the dotted line 


shows the cephalometric Tw tracing. 


the buccinator area are believed to be more favourable 
when compared with traditional Le Fort | osteotomy. 1° 
Our study focused on the different relapse rates occur- 
ring between patients operated during growth and at the 
completion of growth, after very large advancements. 


Immediate post-distraction 


The amount of advancement in the non-growing sample was 
an average of 17.7 mm, therefore being significantly larger 


than the average advancement reported in the literature: 
Krimmel reported 7.5 mm,” Figueroa 9.5 mm,'? Wang 
10.1 mm,'* Daimaruya 9.8 mm” and similarly Harada 
described an advancement of 10.7 mm.” 

The reason for the large distraction magnitude described 
in this study, as previously explained, was that in our centres 
advancements up to 10 mm in adult cleft patients with mild to 
moderate scarring were treated with traditional orthognathic 
surgery. Only if scarring was severe, distraction was selected 
in patients who needed an advancement of <10—12 mm. 
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Average linear and angular changes (Standard Deviation) between different time points: changes between pre-DO 


and immediately post-DO (Ty — Tpre), changes between immediately post-DO and 1 year post-DO (Tst — Ta), further changes from 


1 to 5 year post-DO (Tit — Tst). 
































Growing sample Growing Non growing sample 
control 

Ta = Tpre Tst z Ta Te = Tst Tio = Tig Ta = Tpre Tst E Ta Ti TA Tst 
A point tot (mm) 22.2 + 5.5* 4.2 + 4.8* —6 + 5.8* 3.342.9 17.7 + 6.6* 0.5+3.5ns 1.0 0.5 ns 
Ocp vert (mm) 12.57 + 3.78* 3.9 + 4.93 ns —3.0 + 3.8 ns 7.144.2 7.86 + 4.8* 1.0+0.4ns —2.0 + 0.8 ns 
| vert (mm) 6.86 + 8.63* 4.8 +6.1ns -3.4+4.12ns 5.4+5.8 12.0 + 3.9% 2.0+0.7ns 0.6+0.4 ns 
SNA (°) 16.5 + 4.6* —4 + 3.2* —8.7 + 5.0* =E ae 25 13.9) se BE) 0.5 + 3.5 ns 2.0 + 2.9 ns 
SNB (°) =5.§ se 7)" 2.3 + 1.6* Alege Sh 7k} 3.141.8 —-2.942.6ns 1.541.7ns 1.6+1.5ns 
Mand Plane-SN 8.7 + 5.3* 46+47ns —-3.1+68ns —-1.4+1 2.347.9ns —0.3 + 1.9 ns —0.6 + 2.3 ns 
Occl Plane-SN 7.6+8.9ns —5.3 + 6.8 ns -—3.3+4.2ns -4.6+5.1 1.6+5.1ns 0.7+3.8ns —0.5+0.9 ns 


























Tpre: cephalometric X-ray before DO; Tg: cephalometric X-ray immediately after DO; Ts: cephalometric X-ray less than 1 year post-DO; 
Ty: cephalometric X-ray more than 5 years post-DO; T10 — Tg: cephalometric changes from 10 to 18 years of age in the non treated class 


Ill CLP control group. 


A point tot: total movement of point A; Ocp vert: vertical movement of posterior occlusal point; | vert: vertical movement of Incision 
point; SNA, SNB, Mand Plane-SN, Occl plane-SN: angular changes relative to cranial base (SN) of A point, B point and Mandibular plane. 


ANOVA results: *p < 0.05; ns non significant. 


In the growing sample, the average total advancement 
of point A was 22.2 mm. In growing patients, when the 
maxilla needed to be advanced <6—8 mm, an orthopaedic 
protraction technique (Alt-Ramec) was preferred (Liou, 
2005'°). Therefore, again, in our group of children, the 
average advancement was larger than that reported by 
other authors such as Gursoy et al.,? who reported an 
average advancement of 12 mm, or even Doucet et al.,'" 
who also reported a large average advancement of 17 mm. 

In growing patients, the SNA angle was increased on 
average 16.5°; in the non-growing sample, the angular 
change of SNA at the end of distraction was 13.9°. Again, 
these amounts outsized those reported in most studies in 
the literature.7°'?° 

The SNB angle was reduced post DO to 5.3° in growing 
patients and to 2.9° in adults. 

Most cleft patients have a vertical deficiency of the 
maxilla, which induces an anterior rotation of the mandible. 
With DO, both vertical and sagittal corrections of the maxil- 
lary hypoplasia were achieved (Table 1). Therefore, the 
mandible was repositioned more posteriorly and inferiorly, as 
confirmed by the rotation of the mandibular plane of 8.7° in 
the growing patients and of 2.3° in the non-growing patients. 


Short-term follow-up (relapse) 


The adult group was extremely stable even after such large 
advancements. 

The growing group, by contrast, had a posterior posi- 
tioning of the A point with an average of a 4.2-mm relapse 
during the first year (Tı) corresponding to an average 
relapse of 16%. 

This result is similar to that reported by Harada et a 
(12% relapse after 6—14-mm advancement), but less than 
that reported by Huang,'° who followed up six growing 
patients and reported a 34% relapse after 1 year. A possible 
reason for the higher short-term relapse in the latter study 
might be the short retention time (6 weeks). Gursoy et al.,” 
on the other hand, found no relapse in the first year, 


|.22 


possibly given the smaller advancement (12 mm) and the 
older average age of their growing sample at the time of DO 
(average age: 13.1 years). 


Long-term follow-up 


In the long term, there was a further posterior repositioning 
of point A in all growing patients. The average further 
relapse was 26% of the initial advancement. Interestingly, 
Doucet et al. (2013)'' describe a long-term relapse (longer 
than 4 years) of a remarkably similar extent (25.7%). 

These data seem to show that, in growing patients, even 
after the first year post DO, there is a continuous negative 
remodelling of the subspinal area, which might be related 
to both the inherent genetic growth potential and the 
posterior moulding effect induced by the scar tissue ten- 
sion. A possible explanation of the difference between our 
data and some of the studies previously mentioned?” 
might be that the samples considered in our study, as in 
the study by Doucet et al.,'’ were younger and therefore 
further away from growth completion. 

It is important to analyse separately the relapse in 
angular measurements in growing and non-growing pa- 
tients. The non-growing patients showed no clinical change 
in the short and the long term in SNA. SNA in the growing 
children in the long term showed a further relapse, with an 
average of —8.7°+ 5° (range —9° and —1°), which, in per- 
centage, is larger than the posterior repositioning seen in 
the linear measurements. This is explained by the fact that 
in cleft patients the SNA angle gradually diminishes with 
growth,~* given that the N point grows at a faster rate than 
the A point, reducing the SNA angle even further. 

The results of maxillary growth evaluated in the control 
sample showed that, from the ages of 10—18 years, in uni- 
lateral cleft lip and palate children with a class III growth 
pattern, the A point is anteriorly displaced by 3 + 2.9 mm 
(range: 0—7 mm), while SNA decreases to —1.9° + 2.3°. 

The comparison with an adequate cleft control sample is 
extremely important to better understand our long-term 
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follow-up results. For example, if the maxilla is advanced, 
as in our sample, 22 mm, a relapse of 42% (10 mm), though 
extremely high, still leaves the maxilla in a more anterior 
position than it would have been if the child had not been 
operated (actually more than three times more forward 
than the predicted spontaneous 3 mm of maxillary growth). 

In other words, when children are operated upon early 
and with very large advancements, the recurrence of the 
skeletal dysplasia is large and continues for the whole 
growth period. On the other hand, the potential for spon- 
taneous growth in these patients is so low that even if 
relapse is considerable, as shown in this study, maxillary 
position remains significantly more anterior than naturally 
occurring growth. 

Analysing the growing sample in detail, it was not 
possible to identify a specific pattern of relapse. Though 
patients were operated upon at a younger age and 
advanced more, and had a higher percent of relapse, only a 
mild negative correlation was found. Furthermore, the 
presence of an identified syndrome did not seem to influ- 
ence the relapse rate. 


Conclusion 


This study seems to point out that Le Fort | DO in adult pa- 
tients is an extremely stable and reliable procedure. In 
growing children, on the other hand, it has a high risk of true 
skeletal relapse. The indications for early Le Fort | DO are 
psychological and not functional, in contrast to early Le Fort 
III DO in craniofacial synostosis,” which is usually performed 
for respiratory or ocular risks. Therefore, the prognosis 
should be discussed in depth with the family; true aesthetic 
and psychological needs should probably be assessed by 
professionals and not only by surgeons and orthodontists. 
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